The requirement that the supersymmetric scalar potential be stable in the minimal supergravity (mSUGRA) model imposes an upper bound on the universal gaugino mass m 1/2 as function of the common scalar mass m 0 . Combining this with the experimental lower bound on m 1/2 from LEP data, we find a new lower bound on m 0 , stronger than the one that comes from experimental data alone. If the corresponding lower limits on the superparticle masses, presented in this letter, are found to be violated at Tevatron Run II or at the LHC, it would imply that we are living on a false vacuum. The implications of our limits for the constraints obtained by indirect methods( SUSY dark matter, g -2 of the muon, b → sγ.... ) are also discussed.
models reduce the parameter space. The most well-studied model is the minimal supergravity (mSUGRA) model [2] with radiative electroweak symmetry breaking [3] . This model has only five free parameters. They are the common scalar mass (m 0 ), the common gaugino mass (m 1/2 ), the common trilinear coupling (A 0 ), the ratio of vacuum expectation values of two Higgs field (tan β) and the sign of µ, the higgsino mass parameter.
The mSUGRA model has been confronted with the data from LEP as well as from Run I of the Tevatron collider. Such efforts have resulted in some useful lower bounds on these parameters most notably on m 0 and m 1/2 [4, 5, 6, 7] . In this paper we shall be concerned mainly with the limits obtained by the ALEPH collaboration on the mSUGRA parameter space [4] . The results obtained by the other LEP groups are similar but some of them do not strictly follow the mSUGRA scenario.
Unfortunately mSUGRA does not predict quantitative upper bounds on these parameters, which could make this model falsifiable in the near future. Of course there are upper bounds based on naturalness arguments [8] . These bounds, however, crucially depends on the value of the fine tuning parameter which, though intuitively appealing, is rather difficult to quantify.
It is, therefore, rather tempting to reexamine the constraints obtained from the stability of the supersymmetric scalar potential [9, 10, 11] . It has been demonstrated in the past that these constraints leads to upper bounds on m 1/2 as a function of m 0 [10, 11] . Useful constraints also emerge within the framework of anomally mediated supersymmetry breaking and other models [12] .
Admittedly these bounds can be evaded by assuming that we live in a false vacuum with a life time larger than the age of the universe [13] . Yet such bounds are important. If they are found to be violated after the discovery of SUSY be it at Tevatron Run II or at the LHC, it must be accepted within the mSGRA scenario that the universe is indeed built on a false vacuum.
The UFB bound imposes an upper bound on m 1/2 ( denoted by m max 1/2 ) as function of m 0 (to be explained below). Combining this with the experimental lower bound denoted by m min 1/2 from LEP data [4] , we find a strong lower bound on m 0 (denoted by m min 0 ) stronger than the one that comes from experimental data alone.
To make this letter self contained, we briefly discuss the most important, model inde-pendent unbounded from below -3 (UFB3) constraint obtained by considering a certain direction in the field space [10] . The scalar potential in this direction is given by
where g ′ and g are normalised gauge couplings of U(1) and SU (2) respectively, H u and H d are the neutral components of the two Higgs doublets, L i and E j are the scalar partners of the leptons belonging to the SU(2) L doublet and singlet respectively, λ E j is a Yukawa coupling and i, j are generation indices. Here i = j.
Note that we could substitute squarks for sleptons in eq. 1, in which case i = j is allowed.
The constraints on the parameter space arise from the requirement
where V min 0 is the electroweak symmetry breaking minimum of the scalar potential evaluated at the SUSY breaking scale Q =M S and the scaleQ is chosen to bê
by H u and some model parameters. The relevant equations can be found in [10] . The UFB3 potential in eq. (1) is obtained from the tree level scalar potential. It is, however, well known that loop corrections to the potential may have important effects (e.g., the one loop corrected potential has a fairly scale independent value) [14] . The above choice ofQ is designed to minimize the magnitude of the loop corrections to the potential. At this scale, therefore, the tree level potential alone gives reliable results [10, 14] .
It should be emphasized that the above prescription gives an order of magnitude estimate of the scaleQ for a given H u . In order to carry out practical computations leading to constraints on the parameter space,Q is set exactly equal to the maximum of the quantities given in the parenthesis. In the rest of the paper this scale will be referred to as the approximate scaleQ A . This approximation introduces an element of uncertainty in the derived constraints, which will be discussed in detail when the numerical results are presented.
As can be seen from eq. (1), the regions of the parameter space where m 2 Hu becomes large negative at the required scaleQ tends to violate the UFB3 condition inequality 2. This is because the first term of eq. (1) which dominates for moderate and large values of |H u |, could be negative in this case. However, the second term in (1) , which is positive definite, may become competitive in certain cases (e.g., for j = 1, when the Yukawa coupling in the denominator is small), and a dangerous minimum may be avoided.
The UFB3 potential with sleptons (eq. 1) was found to yield the strongest constraint among all the UFB and charge colour breaking (CCB) conditions in the low tan β case [10].
The results were generalized for large tan β scenarios in [11] . In order to get the optimum result, one has to take the largest λ E j in the second term of eq. (1), which leads to the choice E j =τ R . Now the restriction i = j requires L i =ẽ L orμ L and excludes the choiceτ L . In the low tan β case this restriction, however, is of little consequence since all the left sleptons are degenerate to a very good approximation.
To find the points in the mSUGRA parameter space which violate the UFB3 constraint (inequality 2), we vary H u from the grand unification scale (M G ) to M Z . For each H u and a chosen set of parameters the approximate scaleQ A , described after inequality 2, is found by an iterative method ( see [11] for the details of the procedure). Next we evalute the function in eq. 1. At large H u (i.e., at largeQ A ), the change of m 2
Hu from its boundary value m 2 0 at M G is negligible. Consequently the first term of eq. 1, which dominates, is positive and the inequality is satisfied. As H u is decreased m 2 Hu becomes negative. Further lowering of H u may eventually make the first term sufficiently negative, leading to the violation of inequality 2 for the chosen set of parameters. This set is then excluded. If we continue to lower H u further, V UFB3 may violate the required for a very narrow range ofQ A values.
SinceQ A is chosen on the basis of an order of magnitude estimate one may wonder whether the conclusion based on a tree level potential is reliable. For someother sets of parameters, however, V UFB3 remains approximately flat for a range of values of H u ( orQ A ) and ineqality 2 is violated for the entire range. The corresponding parameter set can be ruled out with more confidence. For H u below this range V UFB3 rises above V min 0 . It may be inferred that for this range ofQ A values higher order effects are indeed small, the tree level potential by itself is fairly scale independent and conclusions based on it are reliable.
The variation of V UFB3 with log 10 (Q A /GeV) is illustrated in Fig. 1 , for m 0 = 140GeV, It is to be noted that for this set of parameters the UFB3 condition is violated for a very specific value ofQ A , which may not be identical to the true scale where the UFB3 condition should be tested. The set of parameters under consideration, therefore, cannot be excluded with certainty. Now we are in a position to illustrate the uncertainty in the parameter space to be excluded due to the choice of the scale. The dashed curve in Fig. 1 is obtained for m 1/2 = 250 GeV, the other parameters being the same as those for the dotted curve. Now the UFB3 condition is violated for a fairly large range ofQ A . The correspoding point in the parameter space can be eliminated with a higher level of confidence.
In view of the above discussions, we have introduced the following prescription to present the uncertainty in the limits derived in this letter due to the choice ofQ A . In the process of obtaining the upper bound on m 1/2 for a given m 0 , m 1/2 is increased starting from the LEP lower limit [4] . At a certain m 1/2 (= m max 1/2 ) the UFB3 condition is violated at the scaleQ A . Usually this violation occurs for a very narrow range ofQ A values. We shall refer to this limit as the optimistic limit (OL). Any m 1/2 above this value violates the UFB3 condition for a larger range ofQ A values. The conservative limit (CL) refers to that m 1/2 for which the UFB3 condition is violated for a range ofQ A values,Q min fig. 2 we present the allowed region of the m 0 − m 1/2 plane for tan β = 15, A 0 = 0 and µ > 0. In this figure as well as in the following ones, we have chosen the mSUGRA parameters as in ref [4] , so that we can combine our theoretical constraints with the experimental limits without any ambiguity. Region I is excluded by the LEP lower limit on the light Higgs mass (m h ), which leads to the strongest experimental constraint in the m 0 − m 1/2 plane in the mSUGRA model. We have used the model independent limits on m h obtained by the ALEPH collaboration (see Fig 4 of ref [15] ) to reconstruct the upper edge of region I, which represents the lower limits on m 1/2 for different m 0 values. Region IV is excluded by the requirement that the lightest neutralino be the LSP which leads to an upper bound on m 1/2 for a given m 0 . Thus region II and III represent the allowed parameter space (APS) after imposing the experimental and neutralino LSP constraints.
The APS in fig. 2 is in good agreement with the results of ALEPH collaboration [4] , as can be seen by comparing region I of fig. 2 with the corresponding region of [4] obtained for the same set of mSUGRA parameters. We have used ISAJET version 7.64 [16] for computing the renormalization group evolution of the mSUGRA parameters and the resulting sparticle spectrum. Since m h is the most important parameter in constraining the m 0 −m 1/2 parameter space, we have also used the FeynHiggs programm [17] to compute the Higgs masses. In the following we shall show that the resulting discrepancy is not very serious by comparing the computed m h values from the two programs.
We now impose the UFB3 constraint (inequality 2) and obtain the optimistic upper limit (OL, defined above) on m 1/2 (denoted by m max 1/2 ) for each m 0 . This defines the lower boundary of region III, leaving region II as the only APS. It should be emphasized that the combination of the UFB3 and LEP constraints strengthens the lower bound on m 0 (m min 0 ) as well. In the absence of the former constraint this bound is m 0 > ∼ 50 GeV (the point of intersection of the upper edge of region I and the lower edge of region IV), which is strengthened to m 0 > ∼ 140
GeV ( the point of intersection of the upper edges of Region I and II) when the constraints are combined. The two set of constraints, therefore complement each other very well. As the future experimental lower bound on m 1/2 get stronger either from an improved bound on m h or from the direct search for charginos and the neutralinos, m min 0 will also become stronger. As we shall see below this corresponds to inderect lower limits on the masses of the scalar superpartners belonging to the first two generations along with some information about gaugino masses.
The APS for other choices of tan β and sign of µ are presented in fig. 3 and 4 . In each case we see that the effectiveness of the theoretical and experimental constraints acting in tandem is much better than any one of them operating singly. The lower limit on m 0 (m min 0 ) in each case is significantly stronger than that obtained from the data alone.
We present in Table- 1, m max 1/2 for different m 0 with tan β = 15, A 0 = 0, µ > 0. The optimistic limits (OLs) as defined above are presented in column 2. The conservative limits (CLs) are tabulated in column 3. It is to be noted that the differences between the OLs and the CLs become more prominent at larger value of m 0 . As a result of this scale uncertainty the upper edges of region II in figs. 2 -4 are slightly shifted upwards. Consequently m min 0 s also get relaxed.
In Table- Similar lower limits can also be obtained for the squarks belonging to the first two generations. In mSUGRA the squark mass squared is given by( apart from the relatively unimportant D-term contributions) m 2 0 + cm 2 1/2 , where the dimensionless coefficient c lies between 6.0 and 6.5 [18] for different types of squarks. It is clear that the main contributions to such limits for relatively low m 0 values come from the experimental lower limits on m 1/2 . The stroger m min 0 as determined from the UFB3 condition, will in priciple predict a lower bound stronger than the experimental bound . But it may be difficult to disitnguish between the two unless a precision measurement of these masses become available.
The correlation between the lowest allowed slepton mass and the lighter chargino mass is presented in table 5. Thus even if the slepton masses are found to be in the ranges shown in table 4 in future experiments, but the lighter chargino mass happens to be much larger than that shown , it would indicate a violation of the UFB3 bound. For higher slepton masses, a range for the predicted gaugino masses can be easily computed from the allowed ranges of m 1/2 presented in figs. 2 -4. Table 2 : The lowest m 0 and the corresponding m 1/2 using the spectrum generated by the ISASUSY program (see text for further datails). At low tan β, constraints derived from the UFB3 condition are not very sensative to the sign of µ. In large tan β scenarios, m max 1/2 is more stringent for a given m 0 . For µ < 0, however, the constraint becomes moderately weaker compared to the µ > 0 case. In the former case the SUSY radiative corrections to the bottom quark Yukawa coupling makes it smaller compared to its magnitude in the latter case. The effect of this coupling in the renormalization group evolution, which is quite significant in the large tan β scenario, is relatively subdued for µ <0. Thus the results presented in Figs 3, 4 and in subsequent tables for µ < 0 are conservative. We have checked that m max 1/2 may differ at most by 20 GeV due to the sign of µ. In order to see whether the stability of the potential yields an improved absolute lower bound on the slepton masses compared to the experimental result, a more through scan of the parameter space is needed. This is beyond the scope of the present paper. However, following comments can be made.
Choice of parameters m
Since the main objective of this letter is to combine the limits of [4] with the theoretical bounds obtained from the UFB3 condition, we restricted ourselves, as in [4] to A 0 = 0. For A 0 < 0, UFB3 bounds are more restrictive since m 2 Hu becomes more negative [11] . Thus stronger results for m max 1/2 and m min 0 are expected. For A 0 > 0 results similar to the A 0 = 0 case are expected, at least for small |A 0 |. Note that A 0 cannot have arbitrarily large positive values (|A 0 | < 3 m 0 from the CCB condition inequality 5 of [10]). In any case, a correlation between the limits on m 0 , m 1/2 and positive A 0 is expected, which may have important predictions for the third generation of scalar superpartners.
Indirect constraints on the m 0 -m 1/2 parameter space have been obtained [19] from the requirements that i) the prediction of the mSUGRA model be consistent with the dark matter density of the universe as given by the latest WMAP data [20] , ii) it removes the alleged discrepancy between the measured value of the (g -2) of the muon [21] and the standard model prediction or iii) the prediction for the branching ratio of the inclusive process b → sγ be consistent with the measured value [22] . For definiteness we compare the constaints obtained by Ellis et al [19] based on the latest WMAP data [20] with our constraints. A precise cpmparison is difficult since the constraints in [19] are given for different sets of SUSY parameters. Yet the following qualitative remarks can be made.
From the relevant constrained parameter space for tan β = 10, A 0 = 0 and both signs of µ can be found in fig. (1a) and (1b) of [19] . Since our constraints are practically insensitive to the sign of µ for relatively small tan β, the constrained parameter space of fig. 2 of this letter can be qualitatively commpared with the results of [19] . It is interesting to note that for tan β = 10 the dark matter and the m h constraints allow only a very narrow region for low m 0 (∼ 100 GeV) and relatively large m 1/2 ( > ∼ 300 GeV). This is very likely to be in conflict with the UFB3 constraint. Similarly for tan β = 35, µ < 0 and A 0 = 0, there is a tiny region allowed by both dark matter matter and b → sγ constraints corresponding to m 0 between 250 -350 GeV and m 1/2 > 700 GeV. For tan β = 35 the UFB constraints are expected to be stronger than those presented in fig. 3 . Qualitatively one can estimate that the above regions will be disfavoured by the UFB3 constraints. One cannot comment on the compatibility of the large m 0 regions allowed by indirect constraints with the UFB3 condition without a fresh computation.
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